a positive molecular test for yellow fever was available. The patient was referred to the intensive care unit (ICU) of an Infectious Disease Referral Hospital because of the worsening clinical status characterized by mental confusion, which progressed to hepatic encephalopathy, ascites, respiratory failure, and bleeding at the puncture sites. An antimicrobial regimen was empirically started with piperacillin/tazobactam, and transfusion of fresh frozen plasma (800 mL), lactulose and glycerin enema were administered. The abdominal ultrasound revealed the presence of moderate ascites and signs of nephropathy, but the absence of bile ducts' dilation and signs of chronic fibrosing liver disease. As the clinical course demanded, the patient was started on hemodialysis. Although no microorganism was isolated on cultures, the antibiotics were also empirically changed for meropenem, vancomycin, and polymyxin B due to the suspicion of peritonitis, ascending leukocytosis and severe hypotension requiring vasoactive drugs administration. Despite a normal echocardiography, on the D9 after the ICU admission, the patient unexpectedly presented a Mobitz II second degree AV followed by a total atrioventricular block, cardiogenic shock, and death.
AUTOPSY PRESENTATION
The external examination showed jaundice and hemorrhagic foci at venipuncture sites. The heart weighed 508 g (RR: 200-350 g), presenting bulging left ventricle. The parenchymal cut surface had multiple brownish-red areas mainly at the anterolateral wall of the left ventricle measuring 1.5 x 1.0 cm; the upper interventricular septum extending to the posterior wall of the ventricle measuring 2.5 x 1.0 cm; and the subendocardial region of the left atrium measuring 1.0 cm in its longest axis. A microscopic examination revealed multiple areas of myocardial necrosis, foci of acute endocarditis and epicarditis, and thrombosis of the coronary branches. (Figure 1 ).
In these areas of infarction, fungal hyphae were found within the thrombus of the coronary arteries The parenchymal cut surface was preserved, except for an irregular and hemorrhagic area in the left renal upper pole, and a cyst of 1.5 cm was found on the right renal anterior face. Microscopic examination revealed multiple foci of interstitial nephritis associated with fibrosis and tubular necrosis. The interlobular renal vessels presented thrombosis, and intraluminal inflammatory infiltrate. Typical fungal hyphae, pauciseptate hyaline with lateral right angle shoots, suggestive of zygomycosis, were found in these intravascular and interstitial inflammatory foci. The left adrenal gland was hemorrhagic, which on the microscopic examination revealed multiple foci of hemorrhage and necrosis. The right adrenal gland presented normal anatomical and histological features ( Figure 4 ).
The spleen weighed 630 g (RR: 100-150 g) and exhibited a friable red pulp. Microscopic analysis showed extensive areas of recent splenic infarction, with multiple and confluent microabscesses along with severe lymphocytic depletion. The bone marrow was hypercellular due to the increased number of granulocytic-lineage cells, but a significant reduction of foci of erythropoiesis and megakaryocytopoiesis was present. The pancreas weighed 140 g (RR: 84-106 g) and had foci of calcification predominantly in the head ( Figure 5 ).
The liver exhibited a smooth capsule, weighed 2,030 g (RR: 1,350-2,100 g), due to congestion. The parenchymal cut surface was greenish and had a nutmeg-like appearance. The histology demonstrated midzonal necrosis associated with apoptotic bodies (Councilman Rocha-Lima corpuscles), microvacuolar steatosis, and intracanalicular cholestasis. Portal and lobular mononuclear infiltrate, regeneration nodules with pseudo acinar transformation, and reticulin collapse was also observed. Immunohistochemical reaction was positive for antibodies to the yellow fever virus antigen ( Figure 6 ). sparse areas of edema, and discrete interstitial and perivascular lymphocytic infiltrate.
DISCUSSION
In 2018, there was a new outbreak of sylvatic yellow fever in Minas Gerais State -Brazil, where 570 suspected cases were investigated, of which 446 were confirmed with 33.6% of mortality rate (150 cases). 1 The clinical presentation of yellow fever disease may vary from subclinical infection to systemic disease, with fever, nausea, vomiting, epigastric pain, hepatitis with jaundice, renal failure, hemorrhage, shock, and death in 20%-60% of cases, as the result of the virus and the host factors. 2 The fatal outcome of yellow fever mainly correlates with liver damage, renal failure, hemorrhagic phenomena, and shock. Reportedly, hepatic and renal damages often lead to severe hemorrhagic diathesis, shock, and death in the period of intoxication of the infection. 3 However, death can occur independently of the classic hemorrhagic manifestations. The case reported herein illustrates the clinical presentation of severe yellow fever, with hepatic and renal damages (without hemorrhagic manifestation), and fatal outcome with acute myocardial infarction after 25 days of the onset of symptoms.
In the context of the late fatal outcome, two essential aspects need to be discussed. First, the possibility of the viral persistence within the tissues prolonged the necroapoptotic action in the most vulnerable cells, such as hepatocytes, splenocytes, renal tubular cells, endothelium, and cardiomyocytes. Second, the immunosuppression caused by the sudden high viremia of the yellow fever virus. Both aspects directly and suddenly provoked by high viremia, and later caused by the dysfunction of both innate and adaptive immunity, favoring disseminated fungal infection.
In an excellent review, Monath and Barrett 4 approached the pathogenesis and pathophysiology of yellow fever and reported viral necroapoptotic action in several tissues. They indicated that the viral virulence is highly dependent on the pairing of virus strain and host species, and mentioned that the virus virtually disappears from circulation after the onset of the neutralizing antibodies between the fifth and tenth days of illness. Additionally, they assumed that the cardiomyopathy is directly related to the viral replication in the cardiomyocytes.
Thus, considering the hypothesis of the persistence of viral necroapoptotic action in the tissues as a direct cause of hepatic, renal, and cardiac damage, we performed the investigation of the histopathological changes characteristic of yellow fever along with viral antigens by immunohistochemistry. We found some histopathological features consistent with yellow fever and were able to demonstrate the focal presence of viral antigens in the liver. The remaining organs, specifically the kidneys and the heart did not exhibit the typical morphological characteristics of yellow fever.
These residual hepatic histopathological findings, indicative of yellow fever, were also observed by Francis et al. 5 They reported necrosis, apoptosis, microvacuolar steatosis, portal and lobular lymphocytic infiltrate between the 15th and 20th days of infection. However, they did not undertake the immunohistochemical analysis for viral antigen screening in the liver samples.
In contrast, and more striking in this fatal evolution, was the severe immunosuppression triggered by yellow fever in our patient. Despite the small number of published studies on the pathogenesis of yellow fever, the available data enable the interpretation of direct and indirect viral causes for this immunosuppression. The viral load may directly cause immunosuppression in cases of fatal yellow fever. In this setting, Chen et al. 6 described a fatal case of yellow fever and indicated that the persistent viral infection damaged the immune system. They demonstrated that the viral load was 1.4 × 10 4 copies per mL on day 3. Subsequently, the viral load decreased but maintained at a level ranging from 10 3 to 10 2 copies per mL from day 5 to day 9, the day of the patient's death.
Indirectly, fatal yellow fever may cause an intense cytokine network signaling disorder as observed in sepsis and may induce post-infectious immunosuppression. The differentiated pro-inflammatory profile of the fatal cases of yellow fever, characterized by high levels of interleukin-6 (IL-6), monocyte chemoattractant protein (MCP)-1, interferon-inducible protein (IP)-10, tumor necrosis factor (TNF)-α, and IL-1 receptor antagonist (IL-1RA), corroborates to this observation. 7 In addition, there is evidence of inhibition of the interferon (IFN)-mediated JAK-STAT (Janus kinase-signal transducer and activator of transcription) pathway of signal transduction by flavivirus non-structural (NS)-5 protein and impairment of the immune response to fungi. 8, 9 Thus, this cytokine network signaling disorder would increase susceptibility to zygomycosis-a highly invasive and emerging opportunistic fungal infection-in conditions of immunosuppression, such as hematological malignancy, prolonged neutropenia, diabetes mellitus, organ transplantation, AIDS, and immunosuppressive therapies. Globally, there is still a predominance of invasive fungal infections by candidiasis and aspergillosis in the immunosuppressed patient. However, the prevalence of zygomycosis has dramatically increased in recent decades. Also, mortality is extremely high in patients with disseminated disease, and gastrointestinal and pulmonary infections. 10, 11 In Brazil, the epidemiology of zygomycosis is rarely described, and are restricted to reports of rhinofacial, lung and kidney transplantation cases. [12] [13] [14] This invasive fungal infection is histopathologically characterized by pauciseptate hyaline hyphae of Mucorales genus, which is different from the multiseptate hyaline hyphae (Aspergillus spp., Candida) and the pigmented hyphae (dematiaceous). Zygomycosis presents in many forms, including pulmonary, rhinocerebral, cutaneous, gastrointestinal, and disseminated forms, as well as severe cardiac involvement. 15 In particular, the case described herein recalls all the cardiac morphological findings of the report by Benbow and McMahon, 16 highlighting the myocardial infarction in disseminated zygomycosis.
CONCLUSION
The present autopsy shows the importance of the postmortem exam in patients with yellow fever. Two major diagnoses were made in this autopsy: (i) disseminated zygomycosis with acute myocardial infarction; and (ii) persistence of the yellow fever virus in the liver after 25 days of infection. Opportunistic fungal infection must be considered in the differential diagnosis of sepsis in the patient with severe yellow fever hospitalized in the intensive care unit. Also, immunosuppression and the possibility of viral persistence in the tissues, which prolongs the necroapoptotic action in the most vulnerable cells (e.g., such as hepatocytes, renal tubular cells, endothelium, and cardiomyocytes), needs to be further investigated.
